The products of hydroxyalkylation of N,N'-bis(2-hydroxypropyl)urea (BHPU) with large molar excess of propylene carbonate (PC) posses enhanced thermal stability. These products and 4,4'-diphenylmethane diisocyanate were used as substrates for obtaining rigid polyurethane foams, which had high thermal stability and low water uptake.
Introduction
In the reaction between urea (I, where x = 0) and N,N'-bis(2-hydroxyethyl)urea (BHEU I, where x = 1) with ethylene carbonate (EC) products represented by formula (II) are formed [ 
where: x = 0 or 1; n = 6 -14; 0 ≤ p and k ≤ 1.
In these reactions partial release of carbon dioxide take place and the carbonate groups are partially preserved in the product structure. Furthermore, in the products carbamate groups remain preserved, which are formed during condensation of hydroxyethyl derivatives of urea.
The obtained products (II) posses enhanced thermal stability (they start to decompose at about 240 °C) and were used as polyol substrates for polyurethane foams [1, 2] . The foams obtained from the substrate synthesized from urea and BHEU and 6-8-molar excess of EC had low water uptake, good dimension stability and enhanced thermal stability and compressive strength in comparison with classic foams. The temperature of maximum decomposition of foams was in the 240-270 °C range; the higher values were found for the foams obtained from hydroxyethoxy derivatives of BHEU [1, 2] .
Therefore the polyols obtained form BHPU and excess of PC were also expected to have similar properties. Here, the preparation and properties of polyurethane foams obtained from hydroxypropoxy derivatives of urea are presented.
Results and discussion
Hydroxypropoxy derivatives of urea (III) were prepared by reacting BHPU with excess of PC in the presence of potassium carbonate as catalyst (Table 1) . x -urea unit, y -oxypropylene unit,
The structure of these products was determined as described previously in detail [3] . O O C O respectively) and previous studies [3] it could be estimated that 34 mol-% of oxypropylene groups in the products obtained from 1 : 6 systems was present near ester group. Further increase of excess of PC caused the decrease of oxypropylene groups next to ester group; at 14-fold molar excess of PC it was ca 15 mol-% ( Table 1) .
The presence of oxypropylene groups next to ester group can be attributed to partial incorporation of carbonate groups into product and to partial condensation of hydroxypropyl derivatives of urea with formation of carbamate group [3] .
MALDI ToF results confirmed the presence of carbonate groups in reaction products from BHPU and PC [3] and indicated that part of products of condensation (containing carbamate groups) is minor. In course of reaction the dimerization took place only partially.
Mass balance indicated the decrease of the number of incorporated carbonate groups in the product upon increase of excess of PC (Table 1) . It explained the decrease of percentage of oxypropylene groups next to ester group.
The products of reactions of BHPU with PC are accompanied by formation of minor amount of by-product formed in competitive reaction between carbonate and water leading to the formation of PG as well as by consecutive reaction of PG with PC. In obtained products DPG and TRIPG were present, but total amount of glycols did not exceed 4.5 wt.-% (Table 1) . Moreover, in the 1 H-NMR spectra of obtained products the appearance of new resonances at 5.0 -6.0 ppm region was observed, which are diagnostic for allylic group protons. The latter were formed upon dehydration of terminal hydroxypropyl groups (formula IV). The presence of allylic groups was also confirmed by MALDI ToF spectra [3] .
The derivatographic analysis of the products of reaction between BHPU and PC showed their enhanced thermal stability ( Table 2 ). Only one wide peak at 270 °C and 300 °C was observed on DTG curved obtained at 6-and 8-fold molar excess of PC, respectively. In the products beside carbamide group also carbonate and carbamate groups are present, which are known to easily decompose at ca. 200 °C [4, 5] . It was proven during studies of products obtained from urea and EC [1] , where two peaks were observed at DTG curves. The first one at 220 °C is due to decomposition of carbonate and carbamate groups (the peak disappeared upon preheating at 200 °C), while the second one, at 360 °C corresponds to decomposition of urea group. Thus, the enhanced thermal stability of the products obtained from BHPU and PC is determined by the presence of carbamide group in their structure. T x% -temperature at which the weight loss is x%.
Tab. 2. Thermal Stability of Products of
Physical properties of obtained derivatives of BHPU, i.e. refractive index, density, surface tension, and viscosity ( Figure 1 ) depend typically on temperature resembling those of polyols used for synthesis of polyurethane foams [6] (the refractive index, density, and surface tension decreased linearly with temperature and the viscosity decreased somewhat faster). Therefore the products of hydroxyalkylation of BHPU with excess of PC were subjected to foaming with 4,4'-diphenylmethane diisocyanate and water as foaming agent at laboratory scale. The process was optimized for amount of TEA, amount of isocyanate and water. The optimized water content was 2 wt.-% of polyol mass (Table 3) . It has been found that the best results were obtained for such an amount of isocyanate that the ratio of OH to NCO in starting mixture was 1 : 1.5 -1 : 2.0 (Table 3 ). The amount of TEA catalyst depended on oxypropylene unit in polyol used and it increased upon the increase of excess of oxypropylene unit (Table 3) . The foams prepared with the product of reaction between BHPU and 6-molar excess of PC (BP6) was rigid and showed slight abrasion (Table 3 , comp. 1 and 2). The best properties was showed by the foams obtained from BP8; they showed no polymerization shrinkage and were rigid and slightly abrasive (Table 3 , comp. 3 and 4), when the ratio of OH to NCO in starting mixture was 1:2.0 and they were not brittle. Similar properties posses the foams obtained from BP10 (Table 3 , comp. 5-7). The foams obtained from product of reaction between BHPU and 14-molar excess of PC (BP14) showed polymerization shrinkage (Table 3 , comp. [8] [9] [10] [11] [12] [13] [14] . The best results were obtained when TEA and water content was 4.29 and 2 wt.-%, respectively, while the ratio of OH to NCO in starting mixture was 1:1.75 (Table 3 , comp. 14).
It has been observed that time of creaming of compositions varied within 5-22 s. It did not depend on excessive hydroxypropoxy groups in polyol and decreased together with increase amount of catalyst ( Similarly the expanding time varied within 10-31 s and decreased together with increase of amount of catalyst. The shortest expanding time was possessed by the composition with polyol obtained from BP14 (Table 3 , comp. 11-14).
The foams were practically dry immediately after expanding time or before the drying time exceed one second ( Table 3 ).
The resulting foams were characterized by measuring their apparent density, water uptake, dimension stability, glass transition temperature and thermal stability. The results are collected in Tables 4 and 5 . The apparent density of foams was in the range 28 -43 kg/m 3 ( Table 4 , comp. 2-14). The water uptake did not depend on excess of PC used for synthesis of polyol and did not exceed 9.5 wt.-% after 24-hours exposition to water at room temperature (Table 4 , comp. [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] . The water uptake was the lowest (3.4 wt.-%) for those obtained from BP10 (Table 4 , comp. 7). Based on microscopic observation it has been found that regular pores were present in foam (Figure 2) . The large-sized pores (0.5-0.7 x 1.0-1.2 mm) and smaller ones (0.2-0.3 x 0.6-0.7 mm) were observed. The thickness of walls between pores was about 0.1 mm throughout the entire sample. The best dimension stability, not exceeding 6.5 % of linear dimension was shown by the foams obtained from BP8 (Table 4 , comp. 3). In other cases, the dimension changes are vast (Table 4 ).
The glass transition temperature of the obtained foams was within 91-121°C (Table  5 ) and, hence the foams could be classified as the rigid foams [6] . It has been noted that glass transition temperature initially increased with increase of PC used for synthesis of polyol (6-and 8-molar excess PC). Further increase of excess of PC in polyol (10-and 14-molar excess PC) caused the decrease of the glass transition temperature to 90 °C (Table 5) . The thermogravimetric analysis confirmed the higher thermal stability of all foams. A 5 % weight reduction was encountered at 180 °C and the highest degradation rate at 260 °C (Table 5 The thermal stability of the foams were also monitored using static method by measuring the weight loss upon 30 days heating at 150, 175 and 200 °C temperatures ( Figure 3 ). The constant weight was generally observed after ca 10 and 15 days. The weight loss of the foams after heating at 150, 175, or 200°C for 30 days increased with temperature ( Figure 3 ). The best thermal stability was observed for the foams prepared using BP8 (Figure 3, comp. 3). The weight loss of these foams did not exceed ca. 22, 33, and 47 wt.-% at 150, 175, and 200 °C, respectively.
The foam samples both freshly prepared and after thermal treatment at 150, 175, and 200 °C for 30 days were tested for their compressive strength ( Table 6 ).
The foams obtained here have lower compression strength (Table 6 ) in comparison with traditional foams (0.1 MPa) [6] . The compressive strength increases considerably (by a figure as high as 350%) for the samples heated at the lowest temperature of 150 ºC (Table 6 , comp. 14).
The properties of obtained foams were compared to the ones obtained from the products of reaction between BHEU and EC, although it should be emphasized, that the products obtained from BHEU and EC had the same percentage of oxyalkylene units. It has been noticed, that the properties of foams obtained from BHEU and EC depend on excess of EC used for synthesis of polyol. They worsened on the increase of excess of oxyethylene unit [2] , on the contrary to properties of foams obtained from products from BHPU and PC. All obtained polyurethane foams from hydroxyalkoxy derivatives of urea posses similar apparent density.
For the foams obtained from BE6 and BP6 the water uptake was similar, but it increased upon the increase of excess of oxyethylene unit [2] and it decreased slightly upon the increase of excess of oxypropylene unit in polyol.
Derivatographic investigations showed the same higher thermal stability for the foams from hydroxypropoxy derivatives of urea. The results of thermal exposure of the foams at 150 °C improved after the 30-day.
The compressive strength was larger for the foams obtained from hydroxyetoxy derivatives of urea [2] . 
Conclusions
The products of reaction between BHPU and PC, which posses enhanced thermal stability can be used as polyol substrates for rigid polyurethane foams.
The foams based on polyols BP10 had the lowest water uptake (below 3.4 wt.-%). The best dimension stability was shown by the foams obtained from BP8.
Experimental

Synthesis
-Synthesis of BHPU 60 g (1 mole) of urea and 157.2 cm 3 (150 g, 2 moles) of 1-aminopropan-2-ol were placed in round bottom 250 cm 3 flask equipped with reflux condenser. The mixture was magnetically stirred and heated on oil bath at 135 °C for 2 hours, then the temperature was raised to 140 °C and the heating was continued for next 10 hours. The ammonium evolved in the reaction was vacuum transferred to water trap. The crude oily product formed upon cooling, was dissolved in cold methanol 50 cm 3 , and kept in refrigerator until BHPU crystallized (after ca 24 hours). The precipitate was filtered off and vacuum dried at 40 °C under 0.09 MPa pressure. Melting point was 94 -95 °C [8] .
-Reactions of BHPU with PC In a 100 cm 3 three-necked round bottom flask 17.4 g (0.1 mole) BHPU and the appropriate amount of PC (pure, Fluka, Switzerland), were placed to reach the molar ratio of reagents of 1 : 6, 1 : 8, 1 : 10 and 1 : 14 and 1.142 g potassium carbonate (12.42 g/mole BHPU, 0.09 mole/mole BHPU) was added [3] . The reaction mixture was protected from moisture (by tube filled with magnesium sulfate) and stirred mechanically at 160 °C with monitoring of progress of reaction by determination of unreacted PC [9] .
Foam preparation
Attempts of foaming the reactions products of BHPU with PC were carried out in small 250 cm 3 test cups at room temperature. To 5 g of hydroxypropoxy derivatives of urea, 0.1g of surfactant (Silicon 5340, Houdry Hülls), 1.07-4.29 wt.-% of triethylamine (TEA) catalyst (pure, Avocado, Germany), and 0-2 wt.-% of water were added. After careful mixing of the components, a pre-weighed amount of 4,4'-diphenylmethane diisocyanate (pure, Merck, Germany) was added, calculated as MALDI ToF spectra of reaction products of BHPU with PC were obtained on Voyager-Elite Perseptive Biosystems (US) mass spectrometer working at linear mode with delayed ion extraction, equipped with nitrogen laser working at 337 nm. The matrix was 2,5-hydroxybenzoic acid. The samples were diluted with methanol to 1 mg/cm 3 , followed by addition of 10 mg/cm 3 NaI in acetone. Therefore in some cases the molecular ion weights were increased by the mass of Na + , H + and CH 3 OH.
Thermal analyses (DTA, DTG and TG) of hydroxyethyl derivatives of urea and polyurethane foams were performed in ceramic crucible at 20-1000 °C temperature range, with 100 min registration time, 200 mg sample, under air atmosphere with Paulik-Paulik-Erdey derivatograph, MOM, Hungary.
The following properties of hydroxypropoxy derivatives of urea have been determined: pycnometer density [12] , refractive index, Höppler viscosity [13] , and surface tension by ring detach method [14] . All measurements were made in temperature range 20-80 °C.
The following properties of foams were determined: apparent density [15] , water uptake [16] , stability of dimension [17] , glass transition temperature (by DSC), thermal stability as the weight loss after heating at 150, 175 and 200 °C for a month, and the compressive strength [7] .
The differential scanning calorimetry (DSC) measurements were made using a The microscopic observation was performed with scanning electron microscope JSM -6490LV (JEOL).
